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Description 

This invention relates to a polypropylene composition having excellent rigidity, heat resistance, impact resistance 
and toughness. 

5 Crystalline polypropylene has excellent properties, for example, rigidity, heat resistance and surface glossiness. 

However, there is a problem that the polypropylene has poor impact resistance. 

There have heretofore been proposed various methods to improve the impact resistance of such a polypropylene. 
For example, there is known a method in which crystalline polypropylene is incorporated with modifiers such as poly- 
ethylene or a rubbery substance. As such a rubbery substance (rubber component), an amorphous or low crystalline 
10 ethylene/propylene random copolymer (EPR), polyisobutylene or polybutadiene is generally used. 

In order to improve the impact strength of polypropylene, however, a large amount of the rubbery substance must 
be contained in the polypropylene. Although the polypropylene composition containing a large amount of the rubbery 
substance certainly has improved impact resistance, the composition had deteriorated rigidity, heat resistance and 
surface hardness. 

15 Under such circumstances, there have been proposed various polypropylene compositions which contain the rub- 

bery substance as mentioned above together with inorganic fillers such as talc in order to impart rigidity to the com- 
positions (see, for example, Japanese Patent L-O-P Publns. Nos. 58459/85, 60154/85, 233048/86, 36348/86, 
235350/87, 122751/88, 150343/88, 149845/89,204947/89 and 271 450/89). 

In such a polypropylene composition containing a large amount of the rubbery substance, however, there is a limit 
20 j n improving the rigidity by means of incorporation thereinto of the inorganic filler. Hence it is difficult to use the com- 
position for purposes where a high rigidity of the composition is required. 

Therefore, it has been desired to develop a polypropylene composition which not only has excellent rigidity and 
heat resistance but also excellent impact resistance and toughness. 

Research conducted by the present inventors on the polypropylene composition referred to above resulted in the 
25 finding that in the case of conventionally known polypropylene compositions formed from polypropylene and an ethyl- 
ene/propylene random copolymer (rubber component), a part of the amorphous component in the polypropylene is 
mingled in the rubber component, and this rubber component is bound by the amorphous component of the polypro- 
pylene, with the result that the rubber component insufficiently improves the impact resistance. 

Then, the present inventors have found that in order to obtain a polypropylene composition having not only excellent 
30 rigidity and heat resistance but also excellent impact resistance, it is necessary to form a polymer alloy (polypropylene 
composition) having a molecular composite-like structure in which the rubbery substance (rubber component) is used 
as a matrix and polypropylene (crystal component) is used as a dispersion phase, differing from a polymer alloy formed 
from polypropylene and the rubbery substance which has a generally-known structure as mentioned above. Further, 
the present inventors have found that when a polypropylene composition has a structure in which the polypropylene 
35 microcrystals have specific dimensions in the directions of the a-, b- and c-axes and the rubber component is present 
around the polypropylene microcrystals as a continuous phase having a specific average thickness, such a polypro- 
pylene composition has excellent rigidity and heat resistance and also excellent impact resistance. Based on these 
findings, the present invention has been accomplished. 

Incidentally, there has been an attempt to obtain a polypropylene composition having excellent impact resistance 
40 by mixing polypropylene with other ethylene/a-olefin copolymers in place of the aforementioned amorphous or low 
crystalline ethylene/propylene random copolymers used as the rubbery substance. For instance, Japanese Patent 
Publications Nos. 25693/83 and 38459/83 disclose a composition containing a crystalline polypropylene and an eth- 
ylene/1 -butene copolymers where the amount of the units derived from 1 -butene is not more than 15 mol%, and Jap- 
anese Patent L-O-P Publn. No. 243842/86 discloses a polypropylene composition containing a crystalline pofypropyl- 
45 ene and an ethylene/1 -butene copolymer obtained using a titanium-containing non-homogeneous catalyst system. 
The polypropylene compositions disclosed in these patent publications certainly have improved impact resistance and 
rigidity. However, further improvements in impact resistance and toughness at low temperatures are desired. 

Japanese Patent Publication No. 42929/88 discloses a polypropylene composition containing a crystalline poly- 
propylene and an ethylene/1 -butene copolymer where the amount of the units derived from 1 -butene is 25 - 10% by 
so weight and the intrinsic viscosity [tj] of the copolymer is not more than 1 .5 dl/g. However, the disclosed polypropylene 
composition fails to exhibit a sufficient impact resistance. 

Japanese Patent L-O-P Publn. No. 250040/91 discloses the use of an ethylene/1 -butene block copolymer having 
10 - 90% by weight of the units derived from 1 -butene as an impact resistance improver for polypropylene. However, 
this ethylene/1 -butene block copolymer has poor compatibility with polypropylene and an insufficient improvement in 
55 the impact resistance. 

The present invention seeks to provide a polypropylene composition which has excellent impact resistance and 
toughness as well as rigidity and heat resistance, and which also has excellent impact resistance at low temperatures. 
The present invention provides a polypropylene composition comprising: 
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[A] 60-85% by weight of a propylene block copolymer composed of a crystalline homopolypropylene component 
and 3-1 3% by weight of an ethylene/propylene copolymer rubber component which is soluble in n-decane at 23°C, 
wherein: 

s (1) the melt flow rate (MFR: 230°C ) load 2.16 kg) of said propylene block copolymer, as measured in accord- 

ance with ASTM D1238, is 10-60 g/10 min; 

(2) the n-decane soluble component has an intrinsic viscosity [tj] of 4-12 dl/g and contains the units derived 
from ethylene in an amount of 30-60 mol%; 

(3) the MFR of the polypropylene component is 20-80 g/10 min, and the pentad isotacticity (l 5 ) of the polypro- 
10 pylene component, as determined by the 13 C-NMR method, is not less than 0.97; 

[B] 10-25% by weight of an ethylene/a-olefin random copolymer, containing units derived from ethylene in an 
amount of 60-90 mo!%, having: 

is (1 ) an intrinsic viscosity ft] in decalin of 1 .5-3.5 dl/g; 

(2) a glass transition temperature (Tg) of not higher than -50°C, or a melting point measured as a main peak 
by the DSC method of not higher than 90°C; and 

(3) a crystal linity, as measured by X-ray diffractometry, of less than 20%; and 
20 [C] 5-15% by weight of an inorganic filler; 

wherein said polypropylene composition has the following characteristics: 

(i) the melt flow rate (MFR: 230°C, 2.16 kg load), as measured in accordance with ASTM D1238, is not less than 
25 8 g/1 0 min, preferably 1 0 g/1 0 min; 

(ii) the flexural modulus (FM), as measured in accordance with ASTM D790 at a crosshead speed of 2 mm/min, 
is not less than 20,000 kg/cm 2 ; 

(iii) the Izod impact strength (IZ), as measured in accordance with ASTM D256 using a notched specimen 6.4 mm 
thick, is not less than 20 kg-cm/cm; 

30 (iv) the heat deflection temperature (HDT), as measured in accordance with ASTM D648 under a load of 4.6 kg/ 

cm 2 , is not lower than 1 35°C; 

(v) the dimensions of a polypropylene microcrystal in an injection molded article formed from said polypropylene 
composition, as measured by wide-angle X-ray diffractometry and small-angle X-ray scattering, are 5 nm - 20 nm, 
5 nm - 20 nm and not less than 5 nm, respectively, in the c-axis, a-axis and b-axis directions; and 
35 (vi) said rubber component is present in an injection molded article formed from said polypropylene composition 

as a continuous phase around the polypropylene microcrystal in the direction of injection and the direction per- 
pendicular thereto, and the average thickness of the rubber continuous phase is from 0.5 nm - 3 nm. 

The present invention also provides a polypropylene composition (I) comprising: 

40 

[A] 60-85% by weight, preferably 62-77% by weight, of a propylene block copolymer as defined above; 

[B] 10-25% by weight, preferably 15-25% by weight, of an ethylene/1 -butene random copolymer containing units 
derived from 1 -butene in an amount of 15-25 mol%, having: 

45 (1) an intrinsic viscosity fo] in decalin at 135°C of 1 .8-3.5 dl/g; 

(2) a glass transition temperature (Tg) of not higher than -55°C, or a melting point measured as a main peak 
by the DSC method of not higher than 90°C; 

(3) a crystallinity, as measured by X-ray diffractometry, of less than 20%; and 

(4) a random parameter (B value), as determined by the 13 C-NMR method, of 1 .0-1 .4; and 
50 (5) 5-15% by weight, preferably 8-15% by weight, of an inorganic filler; 

wherein said polypropylene composition has the characteristics (i) to (iv) defined above. 

Furthermore, when the polypropylene composition (I) of the present invention is subjected to heat treatment at 
135 - 165 °C for 20- 180 minutes, there can be obtained a polypropylene composition (II) having: 

55 

(i) a flexural modulus (FM), as measured in accordance with ASTM D790 at a crosshead speed of 2 mm/min, of 
not less than 23,000 kg/cm 2 ; 

(ii) an Izod impact strength (IZ) at 23 °C, as measured in accordance with ASTM D256 using a notched test 
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specimen 6.4 mm thick, of not less than 40 kg-cm/cm; 

(iii) a heat deflection temperature (HDT), as measured in accordance with ASTM D648 under a load of 4.6 kg/cm 2 , 
of not lower than 150 °C; 

(iv) a brittleness temperature at the low-temperature range (BTc), as measured in accordance with ASTM D746, 
5 of not higher than -30 °C; and 

(v) a long period, as measured by small-angle X-ray scattering, of not less than 200 A. 

Fig. 1 is a graph showing the relation between 12 impact strength and FM in the polypropylene composition of the 
present invention. 

10 The polypropylene composition of the present invention is described below in more detail. 

The polypropylene composition of the invention comprises a polypropylene component and a rubber component 
and has the following characteristics: 

(i) the melt flow rate (MFR: 230 °C, 2.16 kg load), as measured in accordance with ASTM D1238, is not less than 
8 g/10 min, preferably not less than 10 g/10 min, more preferably 10 - 50 g/10 min; 

(ii) the flexural modulus (FM), as measured in accordance with ASTM D790 at a crosshead speed of 2 mm/min, 
is not less than 20,000 kg/cm 2 , preferably 20,000-25,000 kg/cm 2 ; 

(iii) the Izod impact strength (IZ) at 23 ^C, as measured in accordance with ASTM D256 using a notched specimen 
6.4 mm thick, is not less than 20 kg-cm/cm, preferably 25 - 60 kg-cm/cm and especially 30 - 60 kg-cm/cm; and 

(iv) the heat deflection temperature (HDT), as measured in accordance with ASTM D648 under a load of 4.6 kg/ 
cm 2 , is not lower than 135 °C. 

The injection molded product formed from the polypropylene composition of the present invention has a struc- 
ture such that the polypropylene has been dispersed in the rubber component (matrix) as finely powdered crystals 
having specified dimensions in the a-axis, b-axis and c-axis directions. The injection molded product formed from 
such a polypropylene composition can be analyzed by X-ray diffractometry, small-angle X-ray scattering and an 
electron microscope in the manner as mentioned later. The injection molded product has the following character- 
istics. 

(v) the dimensions of a polypropylene microcrystal, as measured by X-ray diffractometry and small-angle X-ray 
scattering, are 5 nm - 20 nm, 5 nm - 20 nm, and not less than 5 nm (preferably 5 nm - 100 nm, more preferably 5 
nm - 30 nm), respectively, in the c-axis, a-axis and b-axis directions; and 

(vi) the ethylene/propylene rubber component is present as a continuous phase around the polypropylene micro- 
crystal in the direction of injection and the direction perpendicular thereto, and the average thickness of the rubber 
continuous phase is 0.5 nm - 3 nm. 

Thus, in the injection molded product formed from the polypropylene composition of the present invention, the 
polypropylene microcrystals and the rubber component have specific structures, respectively, as described above. 
Hence the injection molded product has excellent rigidity and heat resistance and also excellent impact resistance and 
toughness. 

On the other hand, an injection molded product formed from the conventionally known polypropylene composition 
containing polypropylene and an ethylene/propylene random copolymer has a structure such that a part of the amor- 
phous component of the polypropylene is mixed in the rubber component and the rubber component is bound in the 
amorphous component of this polypropylene, but fails to have the characteristics as specified in the present invention. 
In such a polypropylene composition, an insufficient improvement of the impact resistance is obtained. Moreover, it 
has been necessary, as mentioned before, to contain a large amount of the rubber component (e.g. an ethylene/ 
propylene random copolymer) in the polypropylene composition in order to improve the impact resistance. 

In the present invention, the dimensions of the polypropylene microcrystal may be determined by X-ray diffrac- 
tometry (the determination is conducted by using an X-ray diffraction apparatus, RU-200A, of Rigaku Denki K.K.) as 
illustrated below. In the following measurement, the calculation is made using an X-ray wavelength of 1 .5418 A. 

50 Measurement of the dimension of polypropylene microcrystal 

The crystal dimension of a polypropylene microcrystal in the b-axis direction and the a-axis direction may be ob- 
tained from the intensity of wide-angle X-ray diffraction. 

The dimension of a polypropylene microcrystal is calculated using Scherrer's equation from a half-width of the 
ss peaks due to the (040) face and the (110) face of a polypropylene crystal. 

(1 ) The dimension of the crystal in the b-axis direction is obtained from a half-width of the peak due to the (040) face. 

(2) The dimension of the crystal in the a-axis direction is determined as a value obtained by multiplying a value 
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calculated using Scherrer's equation from a half -width of the peak due to the (110) face by the ratio of the length 
(21 .99 A) of a diagonal line of the a-b face in the unit lattice to the length (20.96 A) of the b-axis. 
(3) The dimension of the crystal in the c-axis direction is determined as a value (long period A x X%) obtained by 
multiplying the crystallinity (X%) as measured by X-ray diffractometry by the long period (A) of homopolypropylene 
as measured by the small-angle X-ray scattering intensity. 

The long period of this homopolypropylene is calculated according to Bragg's equation from the scattering angle 
showing a peak obtained by measuring the small-angle X-ray scattering intensity. 

Measurement of the thickness of the rubber phase 

The thickness of the rubber phase is determined as a difference between the following two long periods as meas- 
ured according to Bragg's equation from the scattering angles showing peaks of small-angle X-ray scattering intensity. 

(1) A long period as measured on a composition comprising a propylene block copolymer, an ethylene/cc-olefin 
random copolymer and an inorganic filler. 

(2) A long period as measured on a composition comprising a homopolypropylene (the MFR of this homopolypro- 
pylene is the same as the MFR of the polypropylene of the propylene block copolymer present in the above- 
mentioned composition (1)) and the inorganic filler (the kind and amount of this inorganic filler are the same as 
those of the above-mentioned composition (1)). 

Determination of the rubber continuous phase 

When a specimen of the polypropylene composition dyed with ruthenic acid is observed under an electron micro- 
scope at 150,000 magnification, there is seen a repetition of crystal (undyed portion)-rubber (dyed port ion) -crystal 
(undyed portion). From this electron microscope photograph, it is possible to determine whether the rubber component 
is in the form of a rubber continuous phase or not. 

Illustrated below is one example of the polypropylene composition of the present invention satisfying the specific 
conditions mentioned above. 

The composition of the invention is formed from the following components as will be described later: 

[A] a propylene block copolymer; 

[B] an ethylene/a-oiefin random copolymer; and 

[C] an inorganic filler, preferably finely powdered talc. 

These components are described below in more detail. 
f A] Propylene block copolymer 

In the present invention, a specific propylene block copolymer is used as the polypropylene. This propylene block 
copolymer is composed of a high crystalline homopolypropylene component and an ethylene/propylene copolymer 
rubber component which is soluble in n-decane at 23°C. The propylene block copolymer fulfills the following conditions: 

(1) The propylene block copolymer [A] desirably has a melt flow rate (MFR), as measured in accordance with 
ASTM D1238 at 230°C and under a load of 2.16 kg, of 10 - 60 g/10 min, preferably 15 - 40 g/10 min. 

The polypropylene composition containing the propylene block copolymer [A] having an MFR as defined above 
has excellent fluidity, and it is also easy to obtain therefrom molded articles having a large size. When the MFR of 
the polypropylene composition containing a propylene block copolymer is less than 8 g/10 min, the composition 
has a low fluidity and a poor moldability, and hence a molded article having a large size sometimes cannot be 
obtained therefrom. When the MFR of the polypropylene composition containing a propylene block copolymer 
exceeds 60 g/10 min, the composition tends to have inferior impact strength (12). 

(2) The propylene block copolymer [A] contains a 23 °C n-decane soluble component in an amount of 3 - 13 % by 
weight, preferably 4 - 1 0 % by weight. 

The polypropylene composition which contains a propylene block copolymer [A] containing the rubber com- 
ponent (23 °C n-decane soluble component) in an amount as defined above has excellent flexural modulus, impact 
strength and low-temperature toughness. The polypropylene composition which contains a propylene block co- 
polymer having the rubber component in a larger amount than the amount defined above sometimes has inferior 
rigidity. The polypropylene composition which contains the propylene block copolymer having the rubber compo- 
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nent in an excessively smaller amount than the amount defined above sometimes has inferior impact strength and 
low-temperature toughness. 

The above-mentioned 23 °C n-decane soluble component is determined as follows. 5g of the specimen (pro- 
pylene block copolymer) is dissolved by immersing if for 5 hours in 200 cc of boiling n<lecane. The resulting solution 
is cooled to 23 °C to separate a solid phase which is filtered through a G4 glass filter and then dried to measure 
the weight of the solid phase, from which the value of the 23 °C n-decane soluble component is calculated back. 

The intrinsic viscosity ft], as measured in decalin at 135 °C, of the 23 °C n-decane soluble component of the 
propylene block copolymer [A] is 4 - 12 dl/g, preferably 5 - 8 dl/g. 

This 23 °C n-decane soluble component contains units derived from ethylene in an amount of 30 - 60 mol %, 
preferably 35 - 45 mol %. 

The polypropylene composition formed from the propylene block copolymer containing the 23 °C n-decane 
soluble component which contains units derived from ethylene in an amount of less than 30 mol % or exceeding 
60 mol % sometimes has inferior impact strength (IZ). 

The amount of the units derived from ethylene contained in the 23 °C n-decane soluble component and that 
of the units derived from ethylene contained in the propylene block copolymer as will be mentioned later may be 
obtained by the usual methods such as an infrared spectroscopic method and an NMR method. 

The ethylene-propylene copolymerization component (23 °C n-decane soluble component) of the propylene 
block copolymer [A] used in the present invention may contain units derived from a polymerizable monomer other 
than ethylene and propylene, to such an extent that the object of the present invention is not impaired. 

Such other polymerizable monomers include, for example, ct-olefins such as 1 -butene, 1 -pentene, 1 -hexene, 
1-heptene, 1-octene, 1-decene, 1-dodecene, 1 -hexadodecene and 4-methyl-1-pentene; 

vinyl compounds such as vinyl cyclopentene, vinylcyclohexane and vinylnorbornane; 
vinyl esters such as vinyl acetate; and 

unsaturated organic acids such as maleic unhydride or derivatives thereof. 

(3) The polypropylene component of the propylene block copolymer [A] has a melt flow rate (MFR) of 20-80 g/10 
min, preferably 20 - 60 g/1 0 min. 

The polypropylene composition containing the propylene block copolymer having an MFR of the polypropylene 
component of less than 20 g/10 min has a low fluidity and a poor moldability, and sometimes molded articles having 
a large size cannot be obtained therefrom. The polypropylene composition containing the propylene block copolymer 
having an MFR of the polypropylene component exceeding 200 g/10 min sometimes has inferior impact strength (12). 

The polypropylene component mentioned above has a pentad isotacticity l 5 , as determined by the 13 C-NMR meth- 
od, of not less than 0.97, preferably not less than 0.98. 

The polypropylene composition containing the propylene block copolymer which contains the polypropylene com- 
ponent having an l 5 of less than 0.97 tends to have inferior rigidity. 

The pentad isotacticity l 5 of the polypropylene component is measured by the 13 C-NMR method (nuclear magnetic 
resonance method) proposed in Macromolecules 6, 925(1 973) by A. Zambelli et al. , and is the proportion (percentage) 
of units in which five propylene units are attached together continuously and isotactically in the polypropylene molecular 
chain. 

The peak in the above-mentioned NMR measurement is determined in accordance with the disclosure in Macro- 
molecules 8, 687 (1975). The 13 C-NMR may be measured while improving the signal detection limit up to 0.001 by 
accumulating the measurement 20,000 times at a frequency of 125 MHz using a Fourier-transform NMR apparatus 
[500 MHz (when the hydrogen nucleus is measured)]. 

The above-mentioned propylene block copolymer [A] used in the present invention may contain as its rubber 
component a mixture of a ternary copolymer of ethylene, propylene and other polymerizable monomer and a propylene 
block copolymer in which the rubber component is a binary copolymer of ethylene and propylene. 

The propylene block copolymer [A] used in the present invention desirably contains the units derived from ethylene 
in an amount of 2 - 9 mol%, preferably 2 - 8 mol%. 

The polypropylene composition formed from the propylene block copolymer having the units derived from ethylene 
in an amount of less than 2 mol% tends sometimes to have inferior impact strength (Iz). The polypropylene composition 
containing the propylene block copolymer having the structural units in an amount exceeding 9 mol% tends sometimes 
to have inferior rigidity. 

When the propylene block copolymer [A] used in the present invention contains, for example, as a prepolymer 
formed by prepolymerization, a homopolymer or a copolymer of a monomer such as 3-methyl-1 -butene, 3,3-dimethyl- 
1 -butene, 3-methyl-1 -pentene, 3-methyl-1 -hexene, 3,5,5-trimethyl-1 -hexene, vinyl cyclopentene, vinyl cyclohexane or 
vinyl norbornane, the rate of crystallization of the polypropylene composition is improved. 
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The propylene block copolymer used in the present invention described above may be prepared by various meth- 
ods, for example, by polymerization using a stereoregular Ziegler-Natta catalyst. Concretely speaking, this copolymer 
may be prepared by using a catalyst formed from a solid titanium catalyst component, an organometallic compound 
catalyst component and, if necessary, an electron donor. 

The solid titanium catalyst component is concretely a component in which titanium trich bride or a titanium trichloride 
composition is supported on a solid carrier having a specific surface area of not less than 100 rr^/g, or a component 
having essential ingredients such as magnesium, a halogen, an electron donor (preferably an aromatic carboxylic ester 
or alkyl-containing ether) and titanium supported on a solid carrier having a specific surface area of not less than 100 
m 2 /g. Of these, the latter solid titanium catalyst component is preferred: 

The organometallic compound catalyst component is desirably an organoaluminium compound, for example a 
trialkylaluminium, dialkylaluminium halide, alkylaluminuim sesquihalide or alkylaluminium dihalide. The organoalumin- 
ium compound used may suitably be selected depending on the kind of titanium catalyst component used. 

Useful electron donors include organic compounds having a nitrogen atom, phosphorus atom, sulfur atom, silicon 
atom or boron atom. An ester compound and ether compound having the atoms mentioned above are preferred. 

Such a catalyst component may further be activated by, for example, a copulverization technique, or may be pre- 
polymerized with olefins as mentioned above. 

[B] Ethylene/g-olefin random copolymer 

(1) The ethylene/ct-olefin random copolymer used in the present invention contains units derived from ethylene in 
an amount of 60-90 mol%, preferably 75-85 mol%. 

Examples of the a-Olefin to be copolymerized with ethylene are propylene, 1-butene, 1-pentene, 1-hexene, 1-hep- 
tene, 1-octene, 1-decene, 1-dodecene, and 1-hexadodecene. 

Of these, preferred is 1-butene. These a-olefins may be used in combination of two or more. 

The ethylene/ct-olefin random copolymer used in the present invention may also contain units derived from mon- 
omers other than ethylene and a-olefins. For example, units derived from a diene may be contained therein if necessary. 

The polypropylene composition containing the ethylene random copolymer which contains units derived from eth- 
ylene in an amount of 90 mol% or more sometimes tends to have inferior impact resistance. The polypropylene com- 
position containing the ethylene random copolymer which contains units derived from ethylene in an amount of less 
than 60 mol% sometimes tends to have inferior rigidity. 

The ethylene/a-olefin random copolymer [B] used in the present invention has the following physical properties. 

(1) The intrinsic viscosity ft], as measured in decalin at 135°C, is 1.5 - 3.5 dl/g, preferably 2.0 - 3.0 dl/g. 

The polypropylene composition containing the ethylene/a-olefin random copolymer having an intrinsic viscos- 
ity [r[] of less than 1.5 dl/g tends sometimes to have inferior IZ impact strength. The polypropylene composition 
containing the ethylene/a-olefin random copolymer having an intrinsic viscosity [t|] exceeding 3.5 dl/g tends some- 
times to have inferior moldability because of its low fluidity. 

(2) The glass transition temperature is not higher than -50 °C, preferably not higher than -55 °C, or the melting 
point measured as a main peak according to the DSC method is not higher than 90 °C, preferably not higher than 
80 °C, especially not higher than 70 °C. 

The polypropylene composition containing the ethylene/a-olefin random copolymer having a glass transition 
temperature exceeding -50°C or having a melting point exceeding 90°C tends sometimes to have inferior IZ impact 
strength. 

(3) The crystallinity, as measured by X-ray diffractometry, is less than 20%, preferably not more than 10%. 

The polypropylene composition containing the ethylene/a-olefin random copolymer having a crystallinity exceeding 
20% tends sometimes to have inferior IZ impact strength. 

The ethylene/a-olefin random copolymer [B] as described above has excellent compatibility with polypropylene 
and, from this copolymer [B] and polypropylene, .there can be formed a composition having excellent rigidity as well 
as excellent impact resistance and, moreover, excellent fluidity. Further, from such a propylene composition, an injection 
molded product having excellent appearance can be formed. 

• The above-mentioned ethylene/a-olefin random copolymer [B] may be prepared using a vanadium-containing 
catalyst or a metallocene-containing catalyst. 

Preferred ethylene/a-olefin random copolymers [B] are the ethylene/1 -butene random copolymers containing units 
derived from 1-butene in an amount of 15 - 25 mol %, preferably 15-22 mol %, mentioned below 

(1) The intrinsic viscosity [t\], as measured in decalin at 135 °C, of the ethylene/1 -butene random copolymer is 
1 .8 - 3.5 dl/g, preferably 2.0 - 3.0 dl/g. 
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(2) The glass transition temperature is not higher than -55 °C, preferably not higher than - 60 °C, or the melting 
point measured as a main peak according to the DSC method is not higher than 90 °C, preferably not higher than 
80 °C and especially not higher than 70 °C. 

(4) The crystallinity, as measured by X-ray diffractometry, is less than 20%, preferably not more than 10%. 

(5) The random parameter (B value) of the ethylene/1 -butene random copolymer showing randomness of the 
sequential distribution of comonomers, as determined by the 13 C-NMR method, is 1 .0 - 1 .4. 

A composition formed from an ethylene/1 -butene random copolymer having a B value of less than 1 .0 tends some- 
times to have inferior IZ impact strength. A composition formed from the ethylene/1 -butene random copolymer having 
a B value exceeding 1.4 tends sometimes to have inferior rigidity. 

The B value of the ethylene/1 -butene random copolymer [B] represents the distribution state of the units derived 
from each monomer in the copolymer chain. It is obtained by dividing the mol fraction of the ethylene-1 -butene alternate 
chain to the total diad chain in the copolymer by twice the product of the ethylene content (mol fraction) and 1 -butene 
content (mol fraction). That is, the B value is calculated from the following equation: 

q P BE 
B "2P B .P E 



wherein P E and P B represent the mol fractions of the ethylene and 1 -butene components contained in the ethylene/ 
1 -butene copolymer, respectively, and P BE represents the mol fraction of the 1 -butene-ethylene chain to the total diad 
chain. 

The P E , P B and P BE values may be obtained from the 13 C-NMR spectrum, as measured in the following manner, 
based on reports by G.J. Ray (Macromolecules, 10, 773 (1977)), J.C. Randall (Macromolecules, J5, 353 (1982)), J. 
Polymer Science, Polymer Physics Ed., U, 275 (1973), and K. Kimura (Polymer, 25, 441 (1984)). 

In a test tube of 10 mmtj), about 200 mg of an ethylene/1 -butene copolymer is dissolved homogeneously in 1 ml 
of hexachlorobutadiene, and the 13 C-NMR spectrum of the dissolved specimen is measured under the following con- 
ditions: 



Measurement temperature 


120 °C 


Measurement frequency 


I 125 MHz 


Measurements cumulated 


5,000 times 



The B value is 2 when the ethylene/1 -butene random copolymer is a perfect alternate copolymer, and is 0 when 
the copolymer is a perfect block copolymer. 

The ethylene/1 -butene random copolymer described above has excellent compatibility with polypropylene, and 
the polypropylene composition containing this copolymer has excellent rigidity and impact resistance. Moreover it has 
excellent fluidity. Hence a molded product having an excellent appearance can be formed therefrom. 

[C] Inorganic filler 

An example of an inorganic filler is the generally known finely powdered talc used as a modifier for a polyolefin. 

The finely powdered talc used in the invention has an average particle diameter of 0.5-20 ujti and a ratio of the 
length or breadth to the thickness (aspect ratio) of not less than 2:1 , preferably not less than 10:1 . Further, it is desired 
that the content of particles having a particle diameter of not less than 5 u,m is not more than 5 % by weight. 

Polypropylene composition 

The polypropylene composition of the present invention comprises as aforesaid: 

[A] a propylene block copolymer in an amount of 60 - 85 % by weight, preferably 62 - 77 % by weight, more 
preferably 62 - 72 % by weight, 

[B] an ethylene/a-olefin random copolymer in an amount of 10 - 25 % by weight, preferably 15-25 % by weight, 
more preferably 18-23 % by weight, and 

[C] an inorganic filler in an amount of 5 - 15 % by weight, preferably 8 - 15 % by weight, more preferably 10-15 
% by weight. 
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The polypropylene composition of the present invention may be obtained from the components mentioned above 
by a conventionally known method for preparing a resin composition, for example, by feeding the components simul- 
taneously or successively to a mixing machine such as a Henschel mixer, V-blender, tumbler blender or ribbon blender, 
followed by melt-kneading with a single screw extruder, multiple screw extruder, kneader or Banbury mixer. 

In this connection, by the use of the above-mentioned multiple screw extruder, kneader or Banbury mixer, which 
have excellent kneading performance, a polypropylene composition of high quality in which the components have been 
dispersed more homogeneously may be obtained. 

The polypropylene composition of the present invention may contain, to such an extent that no object of the in- 
vention is impaired, heat stabilizers, nucleating agents (which include aluminium salts of aromatic carboxylic acid, 
esters of aromatic phosphoric acid and dibenzylidene sorbitol), ultraviolet absorbers, slip agents, antistatic agents, 
flame retardants, pigments, dyes, inorganic fillers other than finely powdered talc, organic fillers, and other polymers, 
for example, polyethylene (PE), and propylene/ethylene random copolymer (EPR). 

The polypropylene composition of the present invention is described with reference to an example as .described 
hereinbefore, but is not limited on ly to that example so long as the composition satisfys the aforesaid specific conditions. 

In the present invention, of the above-mentioned polypropylene compositions, particularly preferred is, for example, 
a polypropylene composition (I) comprising: 

[A] the propylene block copolymer in an amount of 60 - 85 % by weight, preferably 62 - 77 % by weight; 

[B] an ethylene/1 -butene random copolymer in an amount of 1 0 - 2 5% by weight, preferably 1 5 - 25 % by weight; and 

[C] an inorganic filler in an amount of 5 - 15 % by weight, preferably 8 - 15 % by weight. 

As aforesaid, the ethylene/1 -butene random copolymer used in the present invention has excellent compatibility 
with polypropylene, and from polypropylene and this ethylene/1 -butene random copolymer there may be formed the 
polypropylene composition (I) having excellent impact resistance as well as rigidity, and moreover, excellent fluidity. A 
molded product having execellent appearance can also be obtained. 

The polypropylene composition (I) obtained as a kneaded product of the above-mentioned propylene block copol- 
ymer, ethylene/1 -butene random copolymer and inorganic filler has, as aforesaid, the characteristics wherein: 

(i) the melt flow rate (MFR) is not less than 8 g/10 min, preferably 10 - 50 g/10 min; 

(ii) the flexural modulus (FM) is not less than 20,000 kg/cm 2 , preferably 20,000-25,000 kg/cm 2 ; 

(iii) the Izod impact strength (IZ) is not less than 20 kg-cm/cm, preferably not less than 25 kg-m/cm; and 

(iv) the heat deflection temperature (HDT) (4.6 kg load) is not lower than 1 35°C. 

Such a polypropylene composition (I) forms a molecular composite-like polymer alloy by dispersing the polypro- 
pylene component as very fine crystals in the rubber component at the time of molding, because a propylene block 
copolymer [A] having a high rate of crystallization is used as one of the starting materials. 

The polypropylene composition of the present invention has excellent rigidity, heat resistance and surface hardness 
as well as excellent impact resistance. 

From such a polypropylene composition (I) there can be obtained an injection molded product having the charac- 
teristics (v) and (vi). 

The polypropylene composition of the present invention may be obtained by heat treatment of the polypropylene 
composition (I) (kneaded product) under conditions such as mentioned below. In this connection, the heat treatment 
mentioned below may be conducted after injection molding of the polypropylene composition. 

A heat treated polypropylene composition (II) of the present invention may be obtained by heat treatment of the 
above-mentioned polypropylene composition (I) (kneaded product or molded product thereof) for 20 - 180 minutes, 
preferably for 30 - 60 minutes at 135 - 165 °C, preferably 140 - 155 °C. Such a heat treatment may be carried out, for 
example, in an oven. Further, this heat treatment may also be performed by utilizing a coating process for a molded 
product. 

The heat treatment may be performed by changing the temperature and time so long as they are within the ranges 
defined above. 

The thus heat treated polypropylene composition (II) has the following specific physical properties: 

(i) the flexural modulus (FM), as measured at a crosshead speed of 2 mm/min in accordance with ASTM D790, is 
not less than 23,000 kg/cm 2 , preferably 23,000 - 25,000 kg/cm 2 ; 

(ii) the Izod impact resistance (IZ) at 23 °C, as measured in accordance with ASTM D256 using a notched specimen 
6.4 mm thick, is not less than 40 kg-cm/cm, preferably not less than 45 kg-cm/cm, especially preferably not less 
than 50 kg-cm/cm; 

(iii) the heat deflection temperature (HDT), as measured under a load of 4.6 kg/cm 2 in accordance with ASTM 
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D648, is not lower than 150 °C; 

(iv) the brittleness temperature at the low-temperature range (BTc), as measured in accordance with ASTM D746, 
is not higher than -30 °C; and 

(v) the long period, as measured by small-angle X-ray scattering, is not less than 200 A, preferably not less than 
5 205 A. 

The long period measured by small-angle X-ray scattering means the scattering period originated in a crystal 
portion (homopropylene component) of the propylene block copolymer contained in the polypropylene composition. 
The longer the period, the better the rigidity, heat resistance, impact strength and low temperature toughness of the 
10 polypropylene composition. 

The polypropylene composition (II) which has been heat treated in the manner mentioned above has extremely 
good properties, such as flexural modulus, heat deflection temperature, impact strength, low temperature impact 
strength and low temperature toughness. 

The polypropylene composition of the present invention has excellent rigidity and heat resistance and, moreover, 
75 has markedly superior physical properties such as impact resistance and toughness as compared to conventionally 
known polypropylene compositions. 

The injection molded product formed from the polypropylene composition of the present invention as described 
above may be utilized in wide applications, and may be suitably used for, for example, automotive trims, particularly 
bumpers. 

20 

Examples 

The present invention is illustrated below in more detail with reference to the Examples. 

In the following Examples, the physical properties were measured in the manner mentioned below: 

25 

(t) MFR : the MFR was measured in accordance with ASTM D1238 

Conditions: 230 °C, 2. 1 6 kg 

30 (2) Flexural modulus (FM): 

the FM was measured in accordance with ASTM D790. 

Specimen: 1 2.7 mm (width) x 6.4 mm (thickness) x 1 27 mm (length) 
Span: 100. mm 

35 Bending rate: 2 mm/min 

(3) Izod impact strength (IZ): 

the IZ was measured in accordance with ASTM D256. 

40 Temperature: 23 °C 

Specimen: 12.7 mm (width) x 6.4 mm (thickness) x 64 mm (length) (with mechanically processed notch) 

(4) Heat deflection temperature (HDT) 

the HDT was measured in accordance with ASTM 648. 

45 

Load: 4.6 kg/cm 2 

(5) The dimensions of a polypropylene microcrystal in the a-axis direction, the b-axis direction and the c-axis 
direction were obtained as aforementioned. 

so (6) The rubber continuous phase was determined according to the electron microscope method as aforementioned. 

(7) The thickness of the rubber phase of an injection molded product formed from the polypropylene composition 
was obtained as aforementioned. 

(8) The brittleness temperature at a low-temperature range (BTc) BTc was measured in accordance with ASTM . 
D746. 

55 

Specimen: a perforated 2 mm-thick sheet. 

4.0 mm (width) x 2.0 mm (thickness) x 38.0 mm (length) 
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(9) Determination of the long period by small-angle X-ray scattering. 

The small-angle X-ray scattering intensity was measured with a RU-200A Model of Rigaku Denki K.K., and the 
long period was then calculated on the basis of Bragg's equation from the scattering angle showing a peak. 
The wavelength of X-rays applied was 1 .541 8 A. 

In the following Examples, the components used for preparing the polypropylene compositions of the invention 
include those illustrated below. In the following tables, each component denoted is abridged. 

[A] Propylene block copolymer 

Block PP1: Propylene block copolymer 

(1) MFR: 20 g/10min 

(2) 23 °C n-decane soluble component: 5 % by weight 

Intrinsic viscosity [r\] of the 23 °C n-decane soluble component: 5.5 dl/g 
Units derived from ethylene: 40 mol % 

(3) Polypropylene component 

MFR: 28 g/10 min 
l 5 : 0.98 

Block PP2: Propylene block copolymer 

(1) MFR: 20 g/10 min 

(2) 23 °C n-decane soluble component: 8 % by weight 

Intrinsic viscosity [t\] of the 23 °C n-decane soluble component: 7.0 dl/g 
Units derived from ethylene: 40 mol % 

(3) Polypropylene component 

MFR: 35 g/10 min 
Pentad isotacticity l 5 : 0.98 

Block PP3: Propylene block copolymer 

(1) MFR: 20 g/10 min 

(2) 23 °C n-decane soluble component: 5 % by weight 

Intrinsic viscosity [r\] of the 23 °C n-decane soluble component: 5.5 dl/g Units derived from ethylene: 
40 mol % 

(3) Polypropylene component 

MFR: 28 g/10 min 
Pentad isotacticity l 5 : 0.95 

Block PP4: Propylene block copolymer 

(1) MFR: 20 g/10 min 

(2) 23 °C n-decane soluble component: 5 % by weight 

Intrinsic viscosity [t]] of the 23 °C n-decane soluble component: 3.0 dl/g 
Units derived from ethylene: 40 mol % 

(3) Polypropylene component 
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MFR:24 g/10min 
Pentad isotacticity l 5 : 0.98 

Block PP5: Propylene block copolymer 

(1) MFR: 20 g/10min 

Units derived from ethylene: 5.9 mo! % 

(2) 23 °C n-decane soluble component: 8 % by weight 

Intrinsic viscosity ft] of the 23 °C n-decane soluble component: 5.5 dl/g 
Units derived from ethylene: 40 mol % 

(3) Polypropylene component 

MFR: 28 g/10min 
l 5 : 0.98 

Block PP6: Propylene block copolymer 

(1) MFR: 20 g/10 min Units derived from ethylene: 7.0 mol% 

(2) 23 °C n-decane soluble component: 10 % by weight 

Intrinsic viscosity ft] of the 23 °C n-decane soluble component: 5.5 dl/g 
Structural units derived from ethylene: 40 mol % 

(3) Polypropylene component 

MFR: 31 g/10 min 
l 6 : 0.98 

[B] Ethylene/a-olefin random copolymer 

EBR-1: Ethylene/1 -butene random copolymer 

(1) Units derived from ethylene: 81 mol % (Units derived from 1 -butene: 19 mol %) 

(2) Intrinsic viscosity ft] in decalin: 2.5 dl/g 

(3) Glass transition temperature (Tg) : -64 °C 

(4) Crystallinity: 5 % 

(5) B value: 1.1 

EBR-2: Ethylene/1 -butene random copolymer 

(1) Units derived from 1 -butene: 11 mol % 

(2) Intrinsic viscosity ft] : 2.5 dl/g 

(3) Glass transition temperature (Tg) : -53 °C 

(4) Crystallinity: 15% 

(5) B value: 1.1 

EBR-3: Ethylene/1 -butene random copolymer 
MFR: 0.8 g/10 min 

Structural units derived from 1 -butene: 18 mol % 
Structural units derived from ethylene: 82 mol % 
Intrinsic viscosity ft] in decalin: 2.3 dl/g 
Melting point (Tm): 35 °C 
Crystallinity: 6 % 
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B value: 1.1 
[C] Inorganic filler 

Talc: Average particle diameter: 2.5 u.m 

Content of particles having a particle diameter of not less than 5 u.m: 3 % by weight 

Other components 

Homo PP: Homopolypropylene 

(content of the units derived from ethylene: 0 mol %) 

MFR:20g/10min 

Pentad isotacticity l 5 : 0.98 
EPFM: Ethylene/propylene random copolymer 

Units derived from propylene: 20 mol % 

Intrinsic viscosity [rj]: 2.6 dl/g 

Glass transition temperature (Tg): -54 °C 

Crystailinity: 4 % 

B value: 1.1 

EPR-2: Ethylene/propylene random copolymer 

Units derived from propylene: 1 9 mol % 

Units derived from ethylene: 81 mol % 

MFR: 0.8 g/10min 
PER: Ethylene/propylene random copolymer 

Units derived from propylene: 60 mol % 

Intrinsic viscosity [r\]: 3.0 dl/g 

Glass transition temperature (Tg): -53 °C 

Crystailinity: 10% 

B value: 0.9 

Examples 1 - 2 

The components shown in Table 1 were dry blended, and the resulting blends were kneaded individually at 200 
°C with a twin-screw extruder to obtain polypropylene compositions. 

From the thus obtained polypropylene compositions, ASTM test specimens were formed with an injection molding 
machine under the conditions of a resin temperature of 200 °C and a mold temperature of 40 °C, and the aforesaid 
physical properties of the thus formed ASTM specimens were measured. 

The results obtained are shown in Table 1. 

The injection molded products obtained in Example 1 had a dimensions of the polypropylene microcrystal of 9.8 
nm in the direction of the c-axis, 1 7 nm in the direction of the a-axis and 1 8 nm in the direction of the b-axis, respectively, 
a rubber continuous phase being present around the microcrystals in the direction of injection and the direction per- 
pendicular thereto, and a phase structure repeating the rubber phase having an average thickness of 1 .22 nm. 

Comparative Examples 1-2 

ASTM test specimens were formed by repeating Example 1 except that the polypropylene compositions shown in 
Table 1 were used instead, and the physical properties of the test specimens were measured. 
The results obtained are shown in Table 1 . 



Table 1 





Example 1 


Example 2 


Comparative Example 1 


Comparative Example 2 


[A] Block PP1 
Homo PP 


69 


71 


71 


81 


[B] EBR-1 


20 • 


18 


18 


8 


[C] Talc 


11 


11 


11 


11 


(1)MFR(g/10min) 


11 


10 


10 


14 
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Table 1 (continued) 





Example 1 


Examole 2 


f^omnaratiwo Pyamnlo 1 
vUl I ijJcal all V o n. \a\ I IJJIc; I 


oornpaiauve example ^ 




oni nn 


01 Ron 


O/l AAA 


24800 


(o) (Kg/cm* 1 ) 


43 


36 


11 


8 


(4) iiU 1 ( O) 


l4u 


140 


145 


148 


(5) Polypropylene microcrystal 










c-axis direction (nm) 


9.8 


9.8 


9.8 


9.8 


a-axis direction (nm) 


17 


17 


16.5 


16 


b-axis direction (nm) 


18 


18 


16.5 


15.5 


(6) Presence of rubber 


Yes 


Yes 


No 


No 


continuous phase 










(7) Thickness of rubber phase 


1.2 


1.1 


0.2 


0.1 


(nm) 











Examples 3 - 4 



The components shown in Table 2 were dry blended, and the resulting blends were kneaded individually at 200 
°C with a twin-screw extruder to obtain polypropylene compositions. From the thus obtained polypropylene composi- 
tions, ASTM test specimens were formed with an injection molding machine under the conditions of a resin temperature 
of 200 °C and a mold temperature of 40 °C, and the aforesaid physical properties of the thus formed ASTM specimens 
were measured. The results obtained are shown in Table. 2. 

Comparative Examples 3 - 8 

ASTM test specimens were formed by repeating Example 3 except that the polypropylene compositions shown in 
Table 2 were used instead, and the physical properties of the test specimens were measured. The results obtained 
are shown in Table 2. 

Fig. 1 shows the balance between IZ impact strength and FM in the polypropylene compositions obtained individ- 
ually in Examples 1 - 3 and Comparative Examples 3 - 8. 
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Example 5 

PP-5, EBR-3 and talc as described below were dry blended together in the proportions shown in Table 3, and the 
resulting blend was kneaded with a twin-screw extruder at 200 °C to obtain a polypropylene composition. The thus- 
s obtained polypropylene composition was injection molded with a 55-ton inline screw extruding machine of Toshiba 
Kikai K.K. at a cylinder temperature of 200 °C and a mold temperature of 40 °C to obtain a test specimen. This test 
specimen was subjected to heat treatment for 1 hour in an air oven kept at 155 °C. The results obtained are shown in 
Table 3. 

The polypropylene composition (heat treatment product) obtained had excellent impact resistance (IZ), rigidity 
10 (FM), low-temperature toughness (BTc) and heat resistance (HDT). The long period, as obtained by small-angle X-ray 
scattering, of this composition was 210 A. 

Examples 6-10 

is Heat treatment products of polypropylene compositions were obtained by repeating Example 5 except that the 

propylene block copolymers, blending ratio and heat treatment conditions shown in Table 3 were employed. 

The polypropylene compositions (heat treatment product) thus obtained had excellent impact resistance (IZ), ri- 
gidity (FM), low-temperature toughness (BTc) and heat resistance (HDT). The long period, as obtained by small-angle 
X-ray scattering, of each composition was not less than 200 A in all cases. 

20 

Comparative Example 9 

A test specimen of the polypropylene composition was obtained by repeating Example 5 except that EPR-2 was 
used in place of EBR-3 and no heat treatment was conducted. The results obtained are shown in Table 3. In comparison 
25 with the test specimen obtained in Example 5, that of this Comparative Example had inferior impact resistance, rigidity, 
heat resistance and low-temperature toughness. The long period, as obtained by small-angle X-ray scattering, of the 
test specimen of this Comparative Example was 160 A. 

Referential Example 1 

30 

A test specimen of the polypropylene composition was obtained by repeating Example 5 except that EPR-2 was 
used in place of EBR-3. The results obtained are shown in Table 3. 

The test specimen thus obtained had inferior impact resistance, rigidity, heat resistance and low-temperature tough- 
ness to that of Example 5. The long period, as obtained by small-angle X-ray scattering, of this test specimen was 196 A. 

35 

Referential Example 2 

A test specimen of the polypropylene composition was obtained by repeating Example 5 except that homopoly- 
propylene was used in place of the propylene block copolymer, and that EBR-3 and talc were employed in the blending 
40 ratios shown in Table 3. The results obtained are shown in Table 3. 

The test specimen thus obtained had inferior impact resistance, rigidity, heat resistance and low-temperature tough- 
ness to that of Example 5. The long period, as obtained by small-angle X-ray scattering, of this test specimen was 1 98 A. 
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Claims 

1 . A polypropylene composition comprising: 

[A] 60-85% by weight of a propylene block copolymer composed of a crystalline homopolypropylene compo- 
nent and 3-1 3% by weight of an ethylene/propylene copolymer rubber component which is soluble in n-decane 
at 23°C, wherein: 

(1) the melt flow rate (MFR: 230°C, 2.16 kg load) of said propylene block copolymer, as measured in 
accordance with ASTM D1238, is 10-60 g/10 min; 

(2) the n-decane soluble component has an intrinsic viscosity ft] of 4-1 2 dl/g and contains the units derived 
from ethylene in an amount of 30-60 mol %; 

(3) the MFR of the polypropylene component is 20-80 g/10 min, and the pentad isotacticity (l s ) of the 
polypropylene component, as determined by the 13 C-NMR method, is not less than 0.97; 

[B] 10-25 % by weight of an ethylene/ot-olefin random copolymer containing units derived from ethylene in an 
amount of 60-90 mol%, having: 

(1) an intrinsic viscosity ft] in decalin at 135°C of 1.5-3.5 dl/g; 

(2) a glass transition temperature (Tg) of not higher than -50°C, or a melting point measured as a main 
peak by the DSC method of not higher than 90°C; and 

(3) a crystallinity, as measured by X-ray diffractometry, of less than 20%; and 

[C] 5-15% by weight of an inorganic filler; wherein said polypropylene composition has the following charac- 
teristics: 

(i) the melt flow rate (MFR: 230°C, 2.16 kg load), as measured in accordance with ASTM D1238, is not 
less than 8 g/10 min; 

(ii) the flexural modulus (FM), as measured in accordance with ASTM D790 at a crosshead speed of 2 
mm/min, is not less than 20,000 kg/cm 2 ; 

(iii) the Izod impact strength (IZ), as measured in accordance with ASTM D256 using a notched specimen 
6.4 mm thick, is not less than 20 kg. cm/cm; 

(iv) the heat deflection temperature (HDT), as measured in accordance with ASTM D648 under a load of 
4.6 kg/cm 2 , is not lower than 135°C; 

(v) the dimensions of a polypropylene microcrystal in an injection molded article formed from said poly- 
propylene composition, as measured by wide-angle X-ray diffractometry and small-angle X-ray scattering, 
are 5 nm - 20 nm, 5 nm -20 nm and not less than 5 nm, respectively, in the c-axis, a-axis and b-axis 
directions; and 

(vi) said rubber component is present in an injection molded article formed from said polypropylene com- 
position as a continuous phase around the polypropylene microcrystal in the direction of injection and the 
direction perpendicular thereto, and the average thickness of the rubber continuous phase is from 0.5 nm 
-3nm. 

2. A polypropylene composition according to claim 1 wherein the propylene block copolymer contains units derived 
from ethylene in an amount of 2 to 9 mol%. 

3. A polypropylene composition according to claim 1 or 2, wherein the propylene block copolymer is obtainable using 
a catalyst formed from (i) a solid titanium catalyst component, (ii) an organometallic compound catalyst component 
and (iii) an electron donor, said titanium catalyst component having magnesium, a halogen, an aromatic carboxylic 
ester or alkyl-containing ether electron donor and titanium supported on a solid carrier having a specific surface 
area of not less than 100 m 2 /g. 

4. A polypropylene composition comprising: 

[A] 60-85% by weight of a propylene block copolymer as defined in claim 1 ; 

[B] 10-25% by weight of an ethylene/1 -butene random copolymer containing units derived from 1-butene in 
an amount of 1 5-25 mol%, having: 
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(1) an intrinsic viscosity [tj] in decalin at 135°C of 1.8-3.5 dt/g; 

(2) a glass transition temperature (Tg) of not higher than -55°C, or a melting point measured as a main 
peak by the DSC method of not higher than 90°C; 

(3) a crystallinity, as measured by X-ray diffractometry, of less than 20%; and 

(4) a random parameter (B value), as obtained by the 13 C-NMR method, of 1.0-1.4; and 

[C] 5-15% by weight of an inorganic filler; 
wherein said polypropylene composition has the characteristics (i) to (iv) as defined in claim 1 . 

5. A polypropylene composition (II) obtainable by heat treatment at 135-165°C for 20-180 minutes of a polypropylene 
composition (I) as defined in claim 4, wherein said polypropylene composition (II) has the following characteristics: 

(i) the flexural modulus (FM), as measured in accordance with ASTM D790 at a crosshead speed of 2 mm/ 
min, is not less than 23,000 kg/cm 2 ; 

(ii) the Izod impact strength (IZ) at 23°C, as measured in accordance with ASTM D256 using a notched test 
specimen 6.4 mm thick, is not less than 40 kg.cm/cm; 

(iii) the heat deflection temperature (HDT), as measured in accordance with ASTM D648 under a load of 4.6 
kg/cm 2 , is not lower than 150°C; 

(iv) the brittleness temperature at the low-temperature range (BTc), as measured in accordance with ASTM 
D746, is not higher than -30°C; and 

(v) the long period, as measured by small-angle X-ray scattering, is not less than 200A. 

6. A polypropylene composition according to claim 4 which has characteristics (v) and (vi) as defined in claim 1 . 

7. An injection moulded article comprising a polypropylene composition as defined in any one of claims 1 to 6. 

8. An article according to claim 7 which is an automotive trim. 



Patentanspruche 

1. Polypropylenmasse, umfassend: 



[A] 60-85 Gew.-% eines Propylenblockcopolymers, zusammengesetzt aus einer kristallinen Homopolypropy- 
lenkomponente und 3-13 Gew.-% einer Ethylen/Propylen-Copolymerkautschukkomponente, die in n-Decan 
bei 23°C loslich ist, wobei . 

(1 ) die SchmelzfluGrate (MFR: 230°C, 2, 1 6 kg Last) des Propylenblockcopolymers, gemessen nach ASTM 
D1238, 10-60 g/10 min betragt, 

(2) die in n-Decan losliche Komponente eine Grundviskositat [ti] von 4-12 dl/g besitzt und von Ethylen 
abgeleitete Einheiten in einer Menge von 30-60 Mol-% enthalt, 

(3) die MFR der Polypropylenkomponente 20-80 g/10 min betragt und die Pentadenisotaxie (l 5 ) der Po- 
lypropylenkomponente, bestimmt nach dem 13 C-NMR-verfahren, nicht kleiner als 0,97 ist, 

[B] 10-25 Gew.-% eines statistischen Ethyien/a-Olefin-Copolymers, enthaltend von Ethylen abgeleitete Ein- 
heiten in einer Menge von 60-90 Mol-% mit 

(1) einer Grundviskositat [r\] in Decalin bei 135°C von 1,5-3,5 dl/g, 

(2) einer Glasubergangstemperatur (Tg), die nicht hoher liegt als -50°C, oder einem Schmelzpunkt, ge- 
messen als Hauptpeak nach dem DSC-Verfahren, von nicht mehr als 90°C, und 

(3) einer Kristallinitat, gemessen durch Rontgenbeugung, von weniger als 20 %, und 



19 



EP 0 657 500 B1 



[C] 5-15 Gew.-% eines anorganischen Fullstoffs, wobei die Polypropylenmasse die folgenden Eigenschaften 
aufweist: 

(i) die SchmelzfluBrate (MFR: 230°C, 2,16 kg Last), gemessen nach ASTM D1238, ist nicht kleiner als 8 
g/10 min, 

(ii) der Biegemodul (FM), gemessen nach ASTM D790, mit einer Kreuzkopfgeschwindigkeit von 2 mm/ 
min, ist nicht kleiner als 20 000 kg/cm 2 , 

(iii) die Izod-Schlagfestigkeit (IZ), gemessen nach ASTM D256 unter Anwendung einer gekerbten Probe 
mit einer Dicke von 6,4 mm, ist nicht kleiner als 20 kg-cm/cm, 

(iv) die Warmestandfestigkeitstemperatur (HDT), gemessen nach ASTM D648 unter einer Last von 4,6 
kg/cm 2 , ist nicht niedriger als 135°C, 

(v) die Dimensionen eines Polypropylenmikrokristalls in einem durch SpritzguG aus der Polypropylenmas- 
se hergestellten Formkorper, gemessen durch Weitwinkelrontgenbeugung und Kleinwinkelrdntgenstreu- 
ung, betragen 5 nm - 20 nm, 5 nm - 20 nm bzw. nicht weniger als 5 nm in Richtung der c-Achse, a-Achse 
bzw. b-Achse, und 

(vi) die Kautschukkomponente ist in einem durch SpritzguG aus der Polypropylenmasse hergestellten 
Formkorper als kontinuierliche Phase urn den Polypropylenmikrokristall herum in der Einspritzrichtung 
und in der dazu senkrechten Richtung vorhanden und die mittlere Dicke der kontinuierlichen Kautschuk- 
phase betragt 0,5 nm - 3 nm. 

Polypropylenmasse nach Anspruch 1, wobei das Propylenblockcopolymer von Ethylen abgeleitete Einheiten in 
einer Menge von 2 bis 9 Mol-% enthalt. 

Polyproylenmasse nach Anspruch 1 oder 2, wobei das Propylenblockcopolymer erhaltlich ist unter Anwendung 
eines Katalysators, der gebildet ist aus (i) einer festen Titan katalysatorkomponente, (ii) einer Organometallverbin- 
dungs-Katalysatorkomponente und (iii) einem Elektronendonor, wobei die Titankatalysatorkomponente Magnesi- 
um, ein Halogen, einen aromatischen Carbonsaureester oder alkylhaltigen Ether als Elektronendonor und Titan 
auf einem festen Trager mit einer spezifischen Oberflache von nicht weniger als 100 m 2 /g enthalt. 

Polypropylenmasse, umfassend 

[A] 60-85 Gew.-% eines Propylenblockcopolymers, wie in Anspruch 1 definiert, 

[B] 10-25 Gew.-% eines statistischen Ethylen/1 -Buten-Copolymers, enthaltend von 1-Buten abgeleitete Ein- 
heiten in einer Menge von 1 5-25 Mol-%, mit 

(1) einer Grundviskositat [t\] in Decalin bei 135°C von 1,8-3,5 dl/g, 

(2) einer Glasubergangstemperatur (Tg), die nicht hoher liegt als -55°C, oder einem Schmelzpunkt, ge- 
messen als Hauptpeak nach dem DSC-Verfahren, von nicht mehrals 90°C, 

(3) einer Kristallinitat, gemessen durch Rdntgenbeugung, von weniger als 20 %, und 

(4) einem Stat ist ikparameter (B-Wert), erhalten nach dem 13 C-NMR-verfahren, von 1,0-1,4, und 

[C] 5-15 Gew.-% eines anorganischen Fullstoffs, wobei die Polypropylenmasse die in Anspruch 1 definierten 
Charakteristika (i) bis (iv) aufweist. 

Polypropylenmasse (II), erhaltlich durch Warmebehandlung einer Polypropylenmasse (I), wie in Anspruch 4 defi- 
niert, bei 135-165°C wahrend 20-180 Minuten, wobei die Polypropylenmasse (II) die folgenden Charakteristika 
aufweist: 

(i) der Biegemodul (FM), gemessen nach ASTM D790 mit einer Kreuzkopfgeschwindigkeit von 2 mm/min, ist 
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nicht kleiner als 23 000 kg/cm 2 , 

(ii) die Izod-Schlagfestigkeit (IZ) bei 23°C, gemessen nach ASTM D256 unter Anwendung einer gekerbten 
Probe mit einer Dicke von 6,4 mm, ist nicht kleiner als 40 kg.cm/cm, 

(Hi) die Warmestandfestigkeitstemperatur (HDT), gemessen nach ASTM D648 unter einer Last von 4,6 kg/ 
cm 2 , ist nicht niedriger als 150°C, 

(iv) die Versprodungstemperatur im Niedertemperaturbereich (BTc), gemessen nach ASTM D746, ist nicht 
hoher als -30°C, und 

(v) die lange Periode, gemessen durch Kleinwinkelrontgenstreuung, ist nicht kleiner als 200 A. 

6. Polypropylenmasse nach Anspruch 4 mit den Charakteristika (v) und (vi), wie in Anspruch 1 definiert. 

7. Durch SpritzguG hergestellter Formkorper, umfassend eine Polypropylenmasse nach einem der Anspruche 1 bis 6. 

8. Formkorper nach Anspruch 7, der ein Teil der Kraftfahrzeuginnenausstattung ist. 



Revendicatlons 

1. Composition de polypropylene, comprenant : 

A) de 60 a 85 % en poids d'un copolymere sequence de propylene, constitue' d'un composant qui est un 
homopolypropylene cristallin et de 3 a 1 3 % en. poids d'un composant qui est un copolymere ethylene/propy- 
lene caoutchouteux et soluble dans du n-d6cane a 23 °C, dans lequel : 

1 ) I'indice de fluidity a chaud (IFC, a 230 °C et sous une charge de 2,16 kg) du copolymere sequence" de 
propylene, mesure selon la norme ASTM-D 1238, vaut de 10 a 60 g/10 min ; 

2) le composant soluble dans du n-decane presente une viscosite intrinseque [t|] de 4 a 1 2 dl/g et contient 
de 30 a 60 % en moles de motifs derives de I'ethylene ; et 

3) le composant de type polypropylene presente un IFC de 20 a 80 g/10 min et un indice d'isotacticite de 
pentades, determine par RMN du 13 C, d'au moins 0,97 ; 

B) de 10 a 25 % en poids d'un copolymere statistique d'ethylene et d'a-olefine, qui contient de 60 a 90 % en 
moles de motifs derives de I'ethylene et qui presente : 

1 ) une viscosite" intrinseque ft] de 1 ,5 a 3,5 dl/g, dans de la dScaline a 1 35 °C ; 

2) une temperature de transition vitreuse T v d'au plus -50 °C, ou un point de fusion, correspondant au pic 
principal observe en AED, d'au plus 90 °C ; et 

3) un taux de cristallinite\ mesur6 par diff ractom6trie des rayons X, interieur a 20 % ; et 

C) de 5 a 15 % en poids d'une charge inorganique ; 

ladite composition de polypropylene presentant les caracteristiques suivantes : 

a) son indice de fluidite a chaud (IFC, a 230 °C sous une charge de 2,16 kg), mesure selon la norme 
ASTM-D 1238, vaut au moins 8 g/10 min ; 

b) son module en flexion (MF), mesure" selon la norme ASTM-D 790 pour une Vitesse de defacement du 
poincon de 2 mm/min, vaut au moins 20 000 kg/cm 2 ; 

c) sa resistance au choc Izod (lz),- mesuree selon la norme ASTM-D 256 sur une eprouvette entaillee de 
6,4 mm d'6paisseur, vaut au moins 20 kg.cm/cm ; 

d) sa temperature de flechissement sous charge (T fc ), mesuree selon la norme ASTM-D 648 sous une 
charge de 4,6 kg/cm 2 , vaut au moins 135 °C ; 

e) les dimensions des microcristaux de polypropylene, au sein d'une piece de cette composition de po- 
lypropylene moul6e par injection, mesurees par diffractomStrie des rayons Xaux grands angles et diffusion 
des rayons X aux petits angles, vaient de 5 a 20 nm, de 5 a 20 nm et au moins 5 nm, respectivement 
dans les directions cristallographtques de I'axe c, de I'axe a et de I'axe b ; et 
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f) ledit composant caoutchouteux constitue, au sein d'une piece de cette composition de polypropylene 
moulee par injection, une phase continue qui entoure les microcristaux de polypropylene dans la direction 
d'injection et dans la direction perpendiculaire a celle-ci, et I'epaisseur moyenne de cette phase continue 
caoutchouteuse vaut de 0,5 a 3 nm. 

Composition de polypropylene, conforme a la revendication 1 , dans laquelle le copolymere sequence de propylene 
contient de 2 a 9 % en moles de motifs derives de I'ethylene. 

Composition de polypropylene, conforme a la revendication 1 ou 2, dont le copolymere sequence de propylene 
peut etre obtenu a I'aide d'un catalyseur constitue des composants suivants : 

1) un composant solide de catalyseur au titane, 

2) un composant de catalyseur qui est un compose organometallique, et 

3) un donneur d'electrons, 

ledit composant de catalyseur au titane contenant du titane, du magnesium, un halogene et un donneur d'electrons 
de type ester d'acide carboxytique aromatique ou ether alkylique, supported par un support solide dont I'aire spe- 
cif ique vaut au moins 100 g/m 2 . 

Composition de polypropylene, comprenant : 

A) de 60 a 85 % en poids d'un copolymere sequence de propylene, tel qu'il est defini dans la revendication 1 , 

B) de 10 a 25 % en poids d'un copolymere statistique d'ethylene et de 1-butene, qui contient de 15 a 25 % 
en moles de motifs derives du 1-butene et qui presente : 

1 ) une viscosite intrinseque [r|] de 1 ,8 a 3,5 dl/g, dans de la decaline a 1 35 °C ; 

2) une temperature de transition vitreuse T v d'au plus -55 °C, ou un point de fusion, correspondant au pic 
principal observe en AED, d'au plus 90 °C ; 

3) un taux de cristallinite, mesure par diffractometrie des rayons X, infeneur a 20% ; et 

4) un parametre de statisticite, ou "indice B", determine par RMN du 13 C, de 1 ,0 a 1 ,4 ; et 

C) de 5 a 15 % en poids d'une charge inorganique ; 

ladite composition de polypropylene presentant les caracteristiques (a) a (d) indiquees dans la revendication 1. 

Composition II de polypropylene, qu'on peut obtenir par traitement thermique, a une temperature de 135 a 165 
°C pendant un laps de temps de 20 a 180 minutes, d'une composition I de polypropylene conforme a la revendi- 
cation 4, laquelle composition II de polypropylene presente les caracteristiques suivantes : 

a) son module en flexion (MF), mesure selon la norme ASTM-D 790 pour une vitesse de deplacement du 
poincon de 2 mm/min, vaut au moins 23 000 kg/cm 2 ; 

b) sa resistance au choc Izod (Iz) a 23 °C, mesuree selon la norme ASTM-D 256 sur une eprouvette entaillee 
de 6,4 mm d'epaisseur, vaut au moins 40 kg.cm/cm ; 

c) sa temperature de flechissement sous charge (T fc ), mesuree selon la norme ASTM-D 648 sous une charge 
de 4,6 kg/cm 2 , vaut au moins 150 °C ; 

d) sa temperature de fragilite a froid (T ff ), mesuree selon la norme ASTM-D 746, vaut au plus -30 °C ; et 

e) sa tongue periode, mesuree par diffusion des rayons X aux petits angles, vaut au moins 200 A. 

Composition de polypropylene, conforme a la revendication 4, qui possede les caracteristiques (e) et f) indiquees 
dans la revendication 1 . 

Piece moulee par injection, en une composition de polypropylene conforme a Tune des revendications 1 a 6. 
Piece conforme a la revendication 7, qui est une garniture de vehicule automobile. 



22 



EP 0 657 500 B1 



f i g. r 



(in thousands) 
24-n 




I Z Impact Strength [kg.cm/cm] 
• ••• Example 

a ••• Comparative Example 



23 



